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Abstract
Cardamom (Elettaria cardamomum Maton.) is one of the most expensive spices in the world.
Essential oil is the most functionally important component of cardamom and is described as
sweet, spicy, warm, camphoraceous and citrusy. The quality of cardamom was assessed by the
essential oil content and its composition. Development of hand-held E-nose to evaluate quality
of cardamom in terms of its essential oil content and its validation are reported.
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Cardamom (Elettaria cardamomum Maton.) a
member of Zingiberaceae family is a herbaceous
perennial, and is one of the most expensive
spices in the world. Its dried fruits are used as
spice and flavoring agent in processed foods,
tonics, liquors and perfumes. The quality of
cardamom is governed by its volatile oil
constituents. More than thirty constituents that
contribute to aroma of the oil have been
characterized by GC-FID and GC-MS analysis
(Chempakam & Sindhu 2008). These methods
are time consuming and need specialized
expertise and hence the use of non-destructive
techniques such as the artificial olfactory system
(AOS) is being explored for fast and objective
measurement of quality. Present study is an
attempt to determine the essential oil content
of cardamom by the newly designed hand-held
E-nose (HEN).
E-Nose consists of an assemblage of metal oxide
semiconductor (MOS) sensors, an odour
delivery system, PC-based data acquisition
system and a pattern recognition system. E-
nose provides fast, automated as well as real
time classification and detection of quality and
can be easily trained to suit different
applications to detect a variety of odours. In
agriculture, E-nose is used for testing the
quality of tea, level of maturity of apple and
pears, shelf-life of mango chips, apple, fresh cut
vegetables and grape wine and freshness of
milk, dairy products, meat, fish, egg etc. (Berna
2010). The use of hand-held E-nose for
determination of quality of tea, cumin and
pepper has been demonstrated (Bhattacharya
et al. 2008, Mamatha et al. 2008, Renata et al.
2010).
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At trader ’s level quality of cardamom is
generally evaluated based on the external
appearance, colour and size. The assessment of
the oil content in capsules will certainly add
value to the produce. As per available
information there is no report on the quality
evaluation of cardamom using E-Nose. Hence,
the present work was attempted to determine
the quality of cardamom in terms of its essential
oil content using hand-held electronic nose
(HEN).
Selection of sensors: Preliminary selection of
sensors was conducted at C-DAC, Kolkata
using an Electonic Nose and Vision (ENV)
System. Three different sensor arrays were used
for the analysis with a total of twenty one
commercially available MOS sensors (Figaro
Engineering Japan). The sensor array-1
consisted of the sensors TGS 832, TGS 826, TGS
825, TGS 2620, TGS 2444, TGS 2602 and TGS
2611. Sensor arrays -2 and 3 consisted of TGS
822, TGS 2611, TGS 2442, TGS 880, TGS 2610,
TGS 2612  and TGS 832, TGS 823, TGS 2620,
TGS 816, TGS 830 , TGS 2611 ,TGS 2620 and
TGS 2600 respectively. Response  from these
sensors using various combinations of α-
terpinyl acetate and 1,8-cineole (namely 100%,
75%, 50% and 25%) were recorded (Table 1) and
individual responses were subjected to principal
component analysis (PCA). PCA loadings of
sensors are widely used to analyze the sensor
scores and to select suitable sensors (Gardner
1991; Abdullah et al. 2012). The sensor TGS 823
showed highest score where as TGS 816 showed
no response for the combinations tested. The
sensors having high response and more
sensitivity to  the combinations of  á-terpinyl
acetate and 1,8-cineole were selected, which
included TGS 823, TGS 822, TGS 826, TGS 825,
TGS 832,  TGS 880, TGS 2620 and TGS 2602
(Muneeb et al. 2014). Further, the hand-held
electronic nose E-Nose (HEN), which is a
miniaturized version of the Electronic Nose was
modified by updating the sensor array and
algorithm. HEN consisted of a sample holder,
an odour delivery module, sensor arrays and
PCBs (printed circuit boards) for signal
conditioning and software. The software
options included, user-specific training, testing
of unknown sample, report generation, data
archival and system diagnosis. The
development platform included a firmware in
C- language and touch screen based graphic
user interface (GUI) with a 16-bit controller
microchip hardware. The architecture of the
HEN is indicated in Fig.1.
Determination of essential oil content by
hydrodistillation method: Cardamom samples
collected from ICAR-Indian Institute of Spices
Research, Regional Station, Appangala and
Indian Cardamom Research Institute (ICRI),
Myladumpara were analyzed for seed weight,
and essential oil content. Essential oil was
extracted from dried capsules (25 g) by hydro
distillation in a Clevenger- type apparatus for
three hours (ASTA 2010). The essential oil
separated was collected, made moisture free
using anhydrous sodium sulphate and the
content was expressed in percentage. Essential
oil content of fifty cardamom samples collected
from  Appangala and Idukki was determined
Fig. 1. Architecture of HEN
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testing samples, the decorticated seeds (5 g)
were placed in sample holder of HEN and the
‘Testing’ option was selected in the software
and sniffing cycle was applied. The sniffing cycle
consisted of headspace generation (30 s),
sampling (50 s), and purging (300 s). During
each cycle ten data corresponding to the change
in resistance of sensor were generated for each
sensor per second. Based on the response of
sensors the oil yield with optimized σ  was
calculated by the software and by pressing the
option  ‘Results’ the percentage oil yield was
displayed as output.
The essential oil yield of the cardamom samples
determined by HEN and that by
hydrodistillation method are indicated in Table
2. The oil content of capsules varied from 3.8%
to 7.0% on dry weight basis by HEN analysis
and from 3.6%-7.4% by hydrodistillation
method. The difference in percent oil yield of
the samples by HEN and hydro distillation
Table 1. The PCA loading of individual sensors
            (from 100% to 25%)
Sensor Cineole 100% *Cineole 75% *Cineole 50% *Cineole 25% α-Terpinyl
acetate 100%
TGS-823 0.6168 0.5769 0.6632 0.6064 0.6881
TGS-826 0.4121 0.4478 0.2932 0.4237 0.4295
TGS-822 0.2698 0.2616 0.2496 0.277 0.1788
TGS-832 0.2666 0.3639 0.4053 0.3848 0.1837
TGS-832 0.2634 0.2464 0.1483 0.2359 0.1214
TGS-2611 0.1494 0.1233 0.1369 0.0969 0.3638
TGS-825 0.1385 0.1789 0.1993 0.1902 0.135
TGS-2611 0.0847 0.0705 0.0722 0.0493 0.051
TGS-880 0.0823 0.0881 0.0776 0.0646 0.0467
TGS-2620 0.0747 0.0814 0.0338 0.0731 0.0761
TGS-2612 0.0696 0.0606 0.0628 0.0389 0.0408
TGS-2602 0.0543 0.0645 0.0748 0.0676 0.0289
TGS-2442 0.0234 0.0264 0.0256 0.0163 0.0149
TGS-2620 0.0206 0.0225 0.0254 0.0225 0.0263
TGS-2600 0.0136 0.0113 0.0071 0.0101 0.0081
TGS-2610 0.0129 0.0152 0.0157 0.0096 0.0103
TGS-2611 0.0070 0.0021 0.0104 0.0068 0.0052
TGS-2444 0.0040 -0.0041 0.0023 0.0007 0.0005
TGS-2610 0.0002 -0.0003 0.0148 0 0.0004
TGS-830 0.0001 0 0.0001 0 0
TGS-816 0 0 0 0 0
*Rest-Terpinyl acetate
by hydrodistillation method (ASTA 2010) and
used for training HEN.
Training HEN for evaluation of cardamom aroma
For training HEN, crushed decorticated seeds of
fifty cardamom samples (5 g) with known
essential oil content (3-7%) were placed in the
sample holder and ‘Training method’ was selected
in the software and sniffing cycle was applied.
Once it was completed oil content of the sample
as determined by hydrodistillation method was
manually entered and saved. Each sample was
replicated five times yielding a data set of 250
samples and the training data were generated
using the algorithm, probabilistic neural network
(PNN). The total data set was divided in 60:40
ratio for training and testing. Forty percent data
were tested using 60% training data with
minimum standard deviation(σ ).
Determination of essential oil content by HEN: For
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method was -0.1% to +0.8%. Using HEN the
cardamom samples can be classified into low
(<4%), medium (4-6%) and high (>6%) based
on the oil content; Table 2 shows that the scores
obtained by both methods are the same. This
is the first attempt to determine oil yield of
cardamom by electronic nose. The analysis by
HEN is a nondestructive fast method which
requires only 5 minutes where as 3 hours are
needed for completion of hydro distillation.
HEN analysis requires 5 g of sample where as
it is 20-25 g for hydro distillation. More over
HEN is user friendly and can be easily operated.
The accuracy and precision of the method can
be further improved by training the system
with more number of samples.
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